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Abstract 
Hydrogen gas and air are supplied to a polymer electrolyte fuel cell (PEFC). The air and the hydrogen form 
water and condensation may occur in the cathode side. The generated water may affect the fuel cell performance 
because of blocking the oxygen from reaching cathode reaction area. An imaging system with a neutron image 
intensifier (NII) was used for visualizing the water behaviour in the PEFC. The water distributions in the proton 
exchange membrane (PEM) and the gas diffusion layers (GDL) were measured by the imaging system. Visualization 
experiments were performed during the PEFC operation in order to clarify the water distributions in the experiments 
with different utilization. The generated water was discharged into the channel after the amount of water thickness in 
the GDL increased to a certain value of about 600 μm in thickness in the through-plane direction. The discharged 
water formed water drops in the channel. The effects of the water drops in the channel on the fuel cell performance 
could be observed clearly. It was shown that the cell voltage increased when the water was evacuated.  
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1. Introduction  
Hydrogen gas and air are supplied to a polymer electrolyte fuel cell (PEFC). Protons pass through an 
electrolyte membrane and are combined with oxygen to form water in a cathode. The generated water is 
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supplied appropriately to the membrane for the proton conduction, however, it may decrease the fuel cell 
performances due to blockage of oxygen to cathode reaction area. Water management in the PEFC is 
important [1] and water distribution in the through-plane direction during the operation has been a 
common concern.  
A high spatial resolution imaging system was developed using a neutron image intensifier (NII) for 
visualization of water behaviour in PEFC [2]. 
In the present study, the water distributions in the PEM and the GDL during the PEFC operation at 
different operating conditions were measured by using the neutron NII system in order to clarify how the 
water distribution affects of the fuel cell performance. 
2. Experimental apparatus 
The thermal neutron radiography facility (TNRF) at the JRR-3 in Japan Atomic Energy Agency 
(JAEA) was used in this study. A schematic diagram of the neutron NII imaging system is shown in Fig. 
1. The imaging system consisted of a boron type neutron NII., a mirror, and an appropriately matched 
metal oxide semiconductor (CMOS) camera. The CMOS camera, 5617 × 3477 in pixel numbers and 14 
bit in dynamic range was connected behind the neutron NII with a close-up lens. The pixel size of 
visualized camera was 3.6 μm. The exposure time was 25 sec. A pinhole aperture [3] was used in the 
TNRF with the pinhole size of 5 × 5 mm2 and the L/D was 460. Distance between the neutron NII and the 
PEFC was about 10 mm and blur due to the L/D was about 20 μm.  
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Fig. 1. Schematic diagram of neutron NII 
 
 
A picture and structures of the PEFC used for the experiments is shown in Fig. 2. A small size PEFC 
was designed to observe water distribution in the through-plane direction. The PEFC had single channel, 
1 mm in width, 0.5 mm in depth and 55 mm in length. The membrane was Nafion R  NR-212, 51μm in 
thickness and the area was 5 × 37 mm2. Total thickness of the PEM is about 90 μm. The GDL was TGP-
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H-060 (Toray Ind.) 190 μm in thickness. Two sheets of the GDL were placed the PEFC on the anode side 
for good contact to the reaction area. The experimental conditions were a current density of 0.1 A/cm2, a 
hydrogen flow rate of 30 cc/min (utilization rate of 4.6 %) and an air flow rate of 50, 60 and 90 cc/min 
(utilization rate of 6.6, 5.5 and 3.7 %, respectively) without humidification.  
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(a) Picture (b) Structures 
Fig. 2. Picture and structures of the PEFC. 
 
 
3. Results and discussion 
Examples of the visualized image of the PEFC taken by the neutron NII are shown in Fig. 3. Water is 
not clearly observed at 0 min after the operation as shown in Fig. 3 (a) and appears around the center at 
60 min in Fig. 3 (b). Image processing was carried out in order to obtain the water distributions. The 
images had white spot noises. The pixels were considered as white spots for eliminating the noises when 
the brightness was higher than a certain threshold value. 
 
3. 1. Averaged water thickness in the PEM 
Fig. 4 shows the water thickness averaged in the through-plane direction in the PEM and the cell 
voltage. The water thickness was averaged in area as shown by the red broken line in Fig. 3 (b). The 
average water thickness in the PEM increases up to about 600 μm in 20 min after the operation and keeps 
constant. The cell voltage drops suddenly at about 21 min. Details of the water behaviour around the 
sudden drop is discussed in Section 3.3. 
 
3.2. Water distribution in the through-plane direction in the PEFC 
Fig. 5 shows water distributions in the through-plane direction in the PEFC. The water distributions 
were calculated from the cathode side channel to the anode side channel at the center of the PEFC. The 
domain of integration was determined as shown by the blue broken box in Fig. 3 (b). The water 
distribution peak was on the boundary of the PEM and the GDL at 5 min after the operation in the present 
experimental condition. The water thickness in the GDL of the cathode side increased more and more in 
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the 10 min after. Water was observed in the channel after 15 min.  However, the cell voltage was almost 
constant before and after 15 min. Effects of the water thickness in the PEM and the GDL on the PEFC 
operation were not observed. 
 
3.3. The behaviour of water in the PEFC 
     Effects of the generated water discharged into the channel on the fuel cell performance were 
considered. The behaviours of water in the PEFC were colour plotted as shown in Fig. 6 from 19 to 22 
min, bracketing the time when the cell voltage drop shown in Fig. 4 was observed. In these figures, water 
drops were observed to form in the channel from the discharged water from the GDL. The water drops in 
the channel are highlighted by the broken line in Fig. 6 (c). The cell voltage increased when the water 
drops were evacuated from the channel by the air supplied to the reaction area, as shown in Fig. 6 (d). 
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Fig. 3. Visualization images of the PEFC.  
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Fig. 4. Averaged water thickness in the PEM. 
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Fig. 5. Water thickness profiles in the through-plane direction. 
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Fig. 6. Water behaviour in the PEFC. 
 
4. Conclusions 
    The water distributions in the through plane direction in the PEM and the GDL during the PEFC 
operation at the different utilization were measured by using the neutron NII system. Following new 
results were obtained by the neutron radiograph experiments: 
(1) The generated water was discharged into the channel after the amount of water thickness in the 
GDL was more than 600 μm.  
(2) The discharged water formed waterdrops in the channel.  
(3) The effects of the water drops in the channel on the fuel cell performance can be observed clearly.  
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